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Production systems will never be fully predictable and boundary conditions become
increasingly volatile and complex. This affects especially the outcome of decisions
within a production system and requires dynamic system behaviour. Theories help
to develop production systems. With regard to engineering and manufacturing
sciences there exists specialized knowledge in different areas of production, but the
broad technical approach and understanding is not sufficient. Therefore, the long-
term goal of the Cluster of Excellence “Integrative Production Technology for
High-Wage Countries” is a higher level of integrativity in production technology by
developing a common theory of value creation in times of Industrie 4.0 and of
highly dynamic system behaviour in production. Thereby, the term ‘Industrie 4.0’
describes the development of information and communication technology finding
its way into production whose potentials the German Government strives to realise
by a homonym project. Industrie 4.0 presents an enormous challenge such as big
data, data processing, data security and human–machine collaboration. A holistic
theory of production shall help to design and operate production systems in such an
environment, and that in consideration of economic, ecologic and social aspects.
For better modelling real-world correlations the theory should on the one hand
describe deterministic processes such as physical and mathematical model chains.
By focusing such predictable relationships a reduction of complexity can be
achieved. On the other hand the theory needs to adopt a cybernetic perspective, in
order to include non-predictable processes. In a real-world situation and within a
complex system ambient conditions are changing continuously and decisions often
need to be taken, despite the lack of information. This approach enables controlling
the complexity, although the situation is not fully understood. Linking the deter-
ministic and cybernetic approach aims at permanently finding the optimised
operating point not only regarding economic but also technical aspects.
Existing production theories, however, are rather economic science-oriented.
This is related to the historical background. The first attempts of developing a
production theory date back to the eighteenth century when TURGOT varied the
labour input due to agricultural problems (Fandel 2005). Thus, models from
manufacturing engineering need to be complemented. The main challenge lies in
the incorporation of the diverse engineering sub-disciplines to a theoretical,
descriptive model. Its expansion with economic inputs and outputs then leads to a
new theory of production by combining economic and technical aspects.
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